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* NOTICES * 

JPO and NCtPI are not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 
[Claim 1] 

It is the liquid crystal display equipped with a liquid crystal layer, the 1st substrate arranged at 
the observer side of said liquid crystal layer, the 2nd substrate arranged so that said 1 st 
substrate may be countered through said liquid crystal layer, and the 1st polarizing plate 
arranged at the observer side of the 1st substrate. 

It is the liquid crystal display arranged so that said 1 st substrate may have the 1 st plastic plate 
containing two or more fiber arranged in the 1 st direction and the transparency shaft of said 1 st 
polarizing plate may become said 1st direction and abbreviation parallel, or so that an 
abbreviation rectangular cross may be carried out. 
[Claim 2] 

Said 1st plastic plate is a liquid crystal display according to claim 1 which contains further two or 
more fiber arranged in the 2nd direction which crosses in said 1st direction. 
[Claim 3] 

Said 1st direction and said 2nd direction are a liquid crystal display according to claim 2 which 
carries out an abbreviation rectangular cross mutually. 
[Claim 4] 

Said 1st plastic plate is a liquid crystal display given in either of claims 1-3 which has a 
retardation in a field, and is arranged so that the direction where a refractive index serves as 
max may cross in said substrate side at the transparency shaft of said 1st polarizing plate, and 
the include angle of less than 45 degrees. 
[Claim 5] 

Said 1st plastic plate is a liquid crystal display given in either of claims 1-3 which does not have 
a retardation within a field. 
[Claim 6] 

Said 1st substrate has the 1st orientation film by which rubbing processing was carried out on 
the front face by the side of said liquid crystal layer. 

The direction of rubbing of said 1st orientation film is a liquid crystal display given in either of 
claims 1-5 which is set up so that it may become said 1st direction and abbreviation parallel, or 
so that an abbreviation rectangular cross may be carried out. 
[Claim 7] 

Said liquid crystal layer is a TN liquid crystal layer. 

Said liquid crystal layer of said 2nd substrate, and the 2nd polarizing plate arranged in the 
opposite side. 

It has at least one phase contrast plate arranged between said 1st substrate and said liquid 

crystal layers and/or between said 2nd substrate and said liquid crystal layers. 

Said 1st polarizing plate and said 2nd polarizing plate are arranged so that those transparency 

shafts may become an abbreviation rectangular cross or abbreviation parallel mutually, 

if the principal indices of refraction in the a-axis, b-axis, and c-axis which are three main shafts 

[ three ] of the index ellipsoid of said at least one phase contrast plate which intersect 

perpendicularly mutually are set to na, nb, and nc — the relation of na=nb>nc — having — an a- 
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axis — said — at least — the inside of the field of a phase contrast plate — it is — said c~axis 
— the inside of b-c plane — setting — a normal to [ of said phase contrast plate ] the tilt angle 
theta — inclining — **** 

The c-axis of said at least one phase contrast plate is a liquid crystal display given in either of 
claims 1-6 which is arranged so that it may become the absorption shaft of a polarizing plate and 
abbreviation parallel which are arranged at the same side to said liquid crystal layer of said 1st 
polarizing plate and the 2nd polarizing plate. 



[Translation done.] 
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* NOTICES * 

JPO and NCI PI are not responsible for any 
danages caused by the use of this translation. 

IThis document has been translated by computer. So the translation may not reflect the original 
precisely. 

2,**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 

[Field of the Invention] 

[0001] 

Especially this invention relates to the liquid crystal display equipped with the fiber restoration 
system plastic plate about a liquid crystal display. 
[Background of the Invention] 
[0002] 

In recent years, use of a liquid crystal display has spread. The further lightweight-izing of a liquid 
crystal display, thin-shape-izing, shock-proof improvement, etc. are strongly desired as the use 
to a Personal Digital Assistant device from a thin shape and the description that power 
consumption is low spreads lightweight especially. 
[0003] 

Then, the cure of using a plastic plate instead of the glass substrate used conventionally is 
proposed. However, in order to apply the plastic plate which sheetHzed the resin ingredient to 
the substrate of a liquid crystal display, various technical problems occur. 
[0004] 

One of the biggest technical problems is that the coefficient of linear expansion of a plastic plate 
is large. As for the coefficient of linear expansion of glass, the coefficient of linear expansion of 
plastics also has a dozens of ppm [/degree O ] small thing to generally being about several 
ppm/degree C. If coefficient of linear expansion is large, since fluctuation of the dimension by 
temperature will become large, production of a driver element like TFT requires [ highly precise 
patterning ] for example, is difficult. Moreover, even if it uses a plastic plate for an opposite 
substrate using the conventional glass substrate as a substrate (it may only be called a "TFT 
substrate") with which TFT is formed, the alignment of the color filter (and/or, black matrix) 
formed in the opposite substrate and the pixel electrode of a TFT substrate becomes difficult. 
[0005] 

In order to make small coefficient of linear expansion of a plastic plate and to raise dimensional 
stability, the approach of constituting a plastic plate using the ingredient (composite material) 
which mixed the filler (filler) in a resin matrix is also proposed. In this specification, the substrate 
formed from composite material is made "a compound substrate (composite substrate)." For 
example, the reflective mold conductivity substrate which equips the patent reference 1 with the 
compound substrate formed by infiltrating resin into glass tissue and hardening is indicated. 
[0006] 

Moreover, the patent reference 2 is indicating the plastic plate equipped with the compound 
substrate arranged so that fiber may not contact a line or band-like mutually in fiber into resin. If 
the compound substrate which was filled up with the fiber cloth (textile fabrics) currently 
indicated by the patent reference 1 according to the patent reference 2 is used, the minute 
irregularity resulting from the texture and the lap eye of fiber of a fiber cloth will arise on a 
substrate front face, and the compound substrate of a flat front face will be obtained by 
considering as the above-mentioned configuration to becoming the cause of a fall of display 
grace. 
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[Patent reference 1] JP,11-2812.A 
[Patent reference 2] JP,2001 -133761. A 
[Patent reference 3] JP,59-33428.A 
[Patent reference 4] JP,60-78420.A 
[Description of the Invention] 
[Problem(s) to be Solved by the Invention] 
[0007] 

As a result of versatility's examining the optical property of the compound substrate with which 
it filled up with fiber into the resin matrix, when this invention person constituted the liquid 
crystal display using the conventional compound substrate, it turned out that optical leakage 
occurs. Moreover, it turned out that this optical leakage originates in the refractive-index 
anisotropy which a compound substrate has, and it is dependent on arrangement with the 
transparency shaft (polarization shaft) of a polarizing plate. 
[0008] 

Namely, even if it prevents generating of the irregularity resulting from the texture and the lap 
eye of fiber as indicated by the patent reference 2 Deterioration of the display grace in which 
the refractive-index anisotropy of a compound substrate originates may take place. The above- 
mentioned patent reference 2 Although distribution of a refractive index is mentioned, a 
refractive-index anisotropy (phase contrast or retardation) and its distribution are not 
mentioned, but a fiber restoration system compound substrate is considered to have not 
recognized having the refractive-index anisotropy. 
[0009] 

On the other hand, desirable arrangement of the optical axis (optical anistropic axis) of the 
plastic plate which consists only of a resin ingredient is indicated by the patent reference 3 and 
4, for example. 
[0010] 

When the crystalline plastic plate (film) of biaxial stretching is used for the patent reference 3, it 
is indicated by by making the optical anistropic axis of a plastic plate, and the transparency shaft 
(polarization shaft) of a polarizing plate intersect perpendicularly that generating of the irregular 
color resulting from the birefringence of a plastic plate can be controlled. 
[0011] 

Moreover, according to the magnitude of the retardation of a plastic plate, it is indicated by the 
patent reference 4 by setting the angle of an optical axis and the direction of rubbing to make as 
a value smaller than 45 degrees that display grace can be improved. In addition, it is indicated 
that the relation between the above-mentioned optical axis and the direction of rubbing of the 
patent reference 4 may be random when the retardation of a plastic plate is 15nm or less. 
[0012] 

It turned out that the above-mentioned optical leakage cannot fully be controlled and display 
grace (especially transverse-plane contrast ratio) cannot be improved even if it arranges the 
optical axis of a plastic plate as indicated by the above-mentioned patent reference 3 and 4 
when this invention person examines the optical anisotropy of a compound substrate in a detail. 
[0013] 

This invention is made in view of these many points, and the main purpose is in improving the 
display grace of a liquid crystal display equipped with a fiber restoration system plastic plate. 
[Means for Solving the Problem] 
[0014] 

The 1st substrate with which the liquid crystal display of this invention has been arranged at the 
observer side of a liquid crystal layer and said liquid crystal layer. The 2nd substrate arranged so 
that said 1st substrate may be countered through said liquid crystal layer. It is the liquid crystal 
display equipped with the 1st polarizing plate arranged at the observer side of the 1st substrate. 
It is characterized by being arranged so that said 1 st substrate may have the 1 st plastic plate 
containing two or more fiber arranged in the 1st direction and the transparency shaft of said 1st 
polarizing plate may become said 1 st direction and abbreviation parallel, or so that an 
abbreviation rectangular cross may be carried out. 
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[001 5] 

In a certain operation gestalt. said 1st plastic plate contains further two or more fiber arranged 

in the 2nd direction which crosses in said 1st direction. 

[0016] 

As for said 1st direction and said 2nd direction, in a certain operation gestalt. it is desirable to 

carry out an abbreviation rectangular cross mutually. 

[0017] 

In a certain operation gestalt, said 1st plastic plate has a retardation in a field, and it is arranged 
so that the direction where a refractive index serves as max may cross in said substrate side at 
the transparency shaft of said 1st polarizing plate, and the include angle of less than 45 degrees. 

[0018] 

In a certain operation gestalt, said 1st plastic plate does not have a retardation within a field. 
[0019] 

In a certain operation gestalt, it is set up so that said 1 st substrate may have the 1 st orientation 
film by which rubbing processing was carried out on the front face by the side of said liquid 
crystal layer and the direction of rubbing of said 1st orientation film may become said 1st 
direction and abbreviation parallel, or so that an abbreviation rectangular cross may be carried 
out. 
[0020] 

The 2nd polarizing plate which said liquid crystal layer is a TN liquid crystal layer in a certain 
operation gestalt, and has been arranged in said liquid crystal layer and opposite side of said 2nd 
substrate. It has at least one phase contrast plate arranged between said 1st substrate and said 
liquid crystal layers and/or between said 2nd substrate and said liquid crystal layers. Said 1st 
polarizing plate and said 2nd polarizing plate It is arranged so that those transparency shafts may 
become an abbreviation rectangular cross or abbreviation parallel mutually. If the principal 
indices of refraction in the a-axis, b-axis, and c-axis which are three main shafts [ three ] of the 
index ellipsoid of said at least one phase contrast plate which intersect perpendicularly mutually 
are set to na, nb, and nc It is in the field of a phase contrast plate at least, the relation of 
na=nb>nc — having — an a-axis — said — As for said c-axis, only the tilt angle theta inclines 
[ of said phase contrast plate ] from the normal in b-c plane. The c-axis of said at least one 
phase contrast plate It is arranged so that it may become the absorption shaft (the transparency 
shaft and rectangular cross) of a polarizing plate and abbreviation parallel which are arranged at 
the same side to said liquid crystal layer of said 1 st polarizing plate and the 2nd polarizing plate. 
[0021] 

The liquid crystal display of this invention may be a transparency mold liquid crystal display, may 
be a reflective mold liquid crystal display, and may be a mold both for transparency reflective 
(transflective type) further. When applying this invention to a transparency mold and the mold 
liquid crystal display both for transparency reflective, the same plastic plate can be substantially 
used with the 1st plastic plate as the 2nd substrate. 
[Effect of the Invention] 
[0022] 

Since generating of the optical leakage resulting from the minute field refractiveHndex 
anisotropy by fiber (fiber bundle) can be controlled according to this invention, the display grace, 
especially the transverse-plane contrast ratio of a liquid crystal display equipped with a fiber 
restoration system plastic plate are improvable. 
[Best Mode of Carrying Out the Invention] 
[0023] 

This invention is made based on the following knowledge acquired as a result of this invention 
person's examining the refractive-index anisotropy of the compound substrate of a fiber 
restoration system in a detail. 
[0024] 

First, the refractive-index anisotropy which a fiber restoration system compound substrate has 
is explained to a detail. Here, the compound substrate arranged so that the abbreviation 
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rectangular cross of the fiber bundle may be carried out nnutually is explained to an example. By 
arranging fiber in this way as a fiber restoration system compound substrate in the two 
directions which carry out an abbreviation rectangular cross mutually (the direction which the 
major axis of fiber turns to being called "array direction"), since physical properties (for example, 
a mechanical characteristic and a heat characteristic) including coefficient of linear expansion 
can be made isotropic, it is desirable. Moreover, as for two or more fiber arranged in the two 
crossing directions which carry out an abbreviation rectangular cross mutually, it is desirable 
that they are textile fabrics. When textile fabrics are used, the effectiveness of improving 
mechanical strength is higher than a nonwoven fabric. Here, the example which uses the textile 
fabrics of plain weave is explained. Since the level difference formed when fiber laps mutually is 
small, since the textile fabrics of plain weave can make small dispersion in the thickness of a 
compound substrate (or surface irregularity), they are desirable compared with satin, twill, etc. 
[0025] 

The plastic plate 10 shown in drawing 1 (a) and (b) consists of compound substrates 10 which 
have a fiber bundle 1 1 and the resin matrix 12. In addition, a protective coat (rebound ace court) 
can be prepared in the principal plane of the compound substrate 10 if needed. Here, the plastic 
plate which does not have a protective coat is illustrated and a compound substrate will also be 
shown by the same reference mark 10 as a plastic plate. 
[0026] 

The fiber bundle 1 1 is arranged along two directions (here the direction of a x axis and the 
direction of the y-axis) which intersect perpendicularly mutually within a substrate side, and the 
compound substrate 1 0 constitutes the textile fabrics of plain weave as typically shown in 
drawing 1 (c). Each fiber which constitutes a fiber bundle 1 1 is the same, and each consistency 
is also mutually equal. For example, the width of face of a fiber bundle 1 1 is about 200 
micrometers, and the pitch between fiber bundles 1 1 is about 500 micrometers also in any of x 
directions and the direction of y. The diameter of the fiber which constitutes a fiber bundle 1 1 is 
about 10 micrometers. 
[0027] 

If a refractive-index anisotropy is measured about a general approach, i.e., the field of for 
example, 10mm**, in the substrate side of the compound substrate 10; the direction where a 
refractive index becomes the largest exists the refractive-index anisotropy of this compound 
substrate 10 between a x axis and the y-axis (however, it has shifted from the direction (a x axis 
and the y-axis, and direction that makes 45 degrees) which divides both shafts into two equally). 
This is considered because both directions cannot be completely made into equivalence, even if 
the direction of a x axis and the direction of the y-axis arrange a fiber bundle 1 1 in the same 
pitch as both directions and form textile fabrics as a fiber bundle 1 1 using the same fiber bundle 
11. 

[0028] 

Like the conventional glass substrate, the permeability to the light is high (it may only be 
hereafter called "transparence"), and not to have a birefringence is desired by the compound 
substrate 10 used as a transparence substrate of a liquid crystal display. Therefore, as an 
ingredient of the fiber bundle 1 1 which constitutes the compound substrate 10, and the resin 
matrix 1 2, it is transparent to the light and it is desirable respectively that a mutual refractive 
index uses the ingredient which spreads abbreviation etc. and does not have a birefringence. 
However, even if, as an ingredient of a fiber bundle 1 1 and the resin matrix 12, it is transparent 
and a refractive index is equal, and even if it uses the ingredient which does not have a 
birefringence, the final compound substrate 1 0 has a birefringence (refractive-index anisotropy) 
by the heat history of the production process of the compound substrate 10 etc. Since 
coefficient of linear expansion is smaller than the resin matrix 12, thermal stress occurs between 
a fiber bundle 1 1 and the resin matrix 1 2 by the temperature hysteresis in a production process 
etc., and this is considered for a refractive-index anisotropy to arise according to a photoelastic 
effect for a fiber bundle 1 1 . 
[0029] 

The following results will be obtained if the refractive-index anisotropy of the compound 
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substrate 10 is measured for every minute field. In addition, the refractive index which changes 
with fields of the compound substrate 1 0 measured here will be distinguished from a "minute 
field refractive index", and a call and the refractive index (it may be called "a macroscopic 
refractive index" or an "average refractive index") by the above-mentioned general measuring 
method. Moreover the refractive-index anisotropy (rate of a birefringence) and retardation which 
are specified with a minute field refractive index will be called "a minute field refractive-index 
anisotropy (minute field birefringence)" and a "minute field retardation", respectively. 
[0030] 

First, in the compound substrate 10, as shown in drawing 2 (a), as for the field 13 where the fiber 
bundle 1 1 is arranged in the direction one direction of a x axis (or the direction of the y-axis), it 
has the minute refractive-index anisotropy with the larger refractive index nx (or ny) of the array 
direction of a fiber bundle 1 1 than others. Moreover, as shown in drawing 2 (b). as for the field 14 
where the fiber bundle 1 1 arranged in the direction which intersects perpendicularly mutually 
[ the direction of a x axis and the direction of the y-axis ] exists, it has a negative optically 
uniaxial minute field refractive-index anisotropy (nx**ny>nz). Furthermore, the field 15 where a 
fiber bundle 1 1 does not exist in the compound substrate 10 has the isotropic optical property 
(nx**ny**nz). 
[0031] 

A field 14 and a field 15 are those (nx**ny) which does not have a refractive-index anisotropy in 
the substrate side of the compound substrate 10, and the refractive-index anisotropy within the 
substrate side acquired by the conventional method of determination of index of refraction 
mentioned above shows the average of the minute field refraction anisotropy in a field 13, and 
shows that the direction of a x axis and the direction of the y-axis are not equivalent. 
[0032] 

In addition, the macroscopic refractive index of the compound substrate 10 can be quantitatively 
measured using for example, the source of Xe lamp light (400 to 700 nm wavelength, 
measurement field 10mm**), or a helium-Ne laser light source (wavelength of 632.8nm, 
measurement field 2mmphi) by the ellipsometer (for example, Jasco Corp. make a spectrum 
ellipsometer M-220). It is difficult to measure quantitatively the minute field refractive index of 
the compound substrate 1 0, and can check qualitatively having the above minute field refractive- 
index anisotropies by polarization microscope observation. 
[0033] 

If the compound substrate 10 which has such a unique optical anisotropy is used as a 
transparence substrate of a liquid crystal display, the following problems will arise. 
[0034] 

if the conventional design concept indicated by the above-mentioned patent reference 3 and 4 is 
followed, the arrangement relation between the transparency shaft of a polarizing plate or the 
direction of rubbing will be set up, and the transparency shaft and the direction of rubbing (the 
direction of a pre tilt of a liquid-crystal molecule) of a polarizing plate will be arranged on the 
basis of the optical axis of the compound substrate 10 so that a refractive index may become 
parallel to the biggest direction in the substrate side of the compound substrate 10 (or it 
intersects perpendicularly — as). This is because its attention was conventionally paid to the 
macroscopic refractive-index anisotropy of a plastic plate 10. 
[0035] 

If it arranges so that the direction where the transparency shaft of one polarizing plate and the 
macroscopic refractive index of the compound substrate 10 serve as max may become parallel 
mutually (or it intersects perpendicularly like) in case the polarizing plate of a pair is arranged in 
the cross Nicol's prism condition on both sides of the compound substrate 10 in between The 
optical leakage resulting from the minute refractive-index anisotropy (refer to drawing 2 (a)) of 
the field 13 where only the fiber bundle 1 1 arranged in the direction of a x axis or the direction 
of the y-axis exists is observed. This optical leakage reduces the grace of a black display of a 
liquid crystal display, and makes a contrast ratio (especially transverse-plane contrast ratio) fall. 
[0036] 

Furthermore, since a minute field refractive-index anisotropy exists even if an important thing is 
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the compound substrate 10 which does not have substantially a macroscopic refractive-index 
anisotropy within a substrate side (retardation) by equalizing substantially the minute field 
refractive-index anisotropy in the direction of a x axis, and the direction of the y-axis, the 
above-mentioned optical leakage occurs. That is, it does not become "the relation between the 
transparency shaft of a polarizing plate and the optical axis of the compound substrate 10 is 
arbitrary, and good, if the retardation within a field is 15nm or less" as indicated by the above- 
mentioned patent reference 4. 
[0037] 

The substrate of the substrates of the pair arranged so that a liquid crystal layer may be pinched 
arranged at least at an observer side the liquid crystal display of the operation gestalt by this 
invention It is set as arrangement so that the transparency shaft of the polarizing plate which 
has a plastic plate including the fiber bundle arranged in the 2 directions which carry out an 
abbreviation rectangular cross mutually, and is arranged at the observer side of this plastic plate 
may become one side of the two above-mentioned array directions, and abbreviation parallel, or 
so that an abbreviation rectangular cross may be carried out. What is necessary is just to 
arrange so that the transparency shaft of the polarizing plate arranged at least at the observer 
side of this plastic plate may become the 1 st direction and abbreviation parallel, or so that an 
abbreviation rectangular cross may be carried out also when using the plastic plate only 
containing two or more fiber arranged in the one direction (it considers as "the 1st direction".) 
although the example including the fiber bundle here arranged in the 2 directions as for which a 
plastic plate carries out an abbreviation rectangular cross mutually was shown. 
[0038] 

Although it will be arranged so that the direction where a refractive index serves as max in a 
substrate side may cross at the transparency shaft of the above-mentioned polarizing plate, and 
the include angle of less than 45 degrees when, as for above-mentioned arrangement, a plastic 
plate has a retardation (macroscopic retardation) in a field If the transparency shaft of the 
polarizing plate arranged at least at an observer side is arranged so that an abbreviation 
rectangular cross may be carried out so that it may become the array direction of fiber, and 
abbreviation parallel or, the optical leakage resulting from the minute field refractive-index 
anisotropy of the field where only the fiber bundle 1 1 arranged in the one direction exists can be 
controlled and prevented. As this showed drawing 2 (a), even if the linearly polarized light which 
polarized in the direction parallel to the fiber array direction or the direction which intersects 
perpendicularly passes through the minute field which has the refractive-index anisotropy that 
the refractive index of the fiber array direction is the largest, it is because this linearly polarized 
light is not influenced of a refractive-index anisotropy. 
[0039] 

In addition, it is desirable to use the plastic plate which contains further two or more fiber 
arranged in the 2nd direction which crosses in the 1st direction for making the retardation within 
a field of a plastic plate small, or acquiring an isotropic mechanical characteristic etc., and as 
illustrated, it is still more desirable to use the plastic plate in which the 1st direction and the 2nd 
direction carry out an abbreviation rectangular cross. If the 1st direction and the 2nd direction 
adopt the configuration which carries out an abbreviation rectangular cross, since the 
transparency shaft of the polarizing plate arranged to the 1st direction at abbreviation parallel 
will carry out an abbreviation rectangular cross to the 2nd direction, it can control and prevent 
effectively the optical leakage resulting from the minute field refractive-index anisotropy of the 
field where only the fiber arranged in the one direction exists, for example. 
[0040] 

Of course, as for a plastic plate, what (for example, it is less than 5nm) it does not have a 
retardation within a field for substantially is desirable. This condition is attained by adjusting the 
size (the size of the fiber to constitute and a number being included) of the fiber bundle arranged 
in the two directions which cross mutually, the pitch between fiber bundles, etc. The retardation 
within a macro side can be set to less than 5nm and less than 1 morenm by using the textile 
fabrics which arranged the same fiber bundle in the same pitch substantially in the direction of 
each other which carries out a rectangular cross so that it may illustrate here. 
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[0041] 

Below, the configuration of the liquid crystal display of the operation gestalt by this invention is 

explained more at a detail. 

[0042] 

The configuration of the transparency mold liquid crystal display 30 of the operation gestalt by 
this invention is typically shown in drawing 3 . Moreover, the arrangement relation of the optical 
axis in the transparency mold liquid crystal display 30 is typically shown in drawing 4 . 
[0043] 

The transparency mold liquid crystal display 30 has the polarizing plates 34 and 35 arranged so 
that the liquid crystal layer 33 arranged between the substrates 31 and 32 of a pair and the 
substrates 31 and 32 of a pair and the substrates 31 and 32 of a pair may be pinched. 
[0044] 

The plastic plate which constitutes substrates 31 and 32 has the fiber bundle arranged in the 
two directions 36 which intersect perpendicularly mutually like the plastic plate 1 0 shown in 
drawin g 1 . For example, a substrate 31 is an opposite substrate with which the counterelectrode 
was formed in the principal plane by the side of the liquid crystal layer 33, and a substrate 32 is 
a active-matrix substrate with which circuit elements (all are un*-illustrating), such as a 
transparence pixel electrode and TFT, were formed in the principal plane by the side of the liquid 
crystal layer 33. 
[0045] 

The absorption shaft 37 of a polarizing plate 34 and the absorption shaft 38 of a polarizing plate 
35 are arranged so that it may intersect perpendicularly mutually (in cross Nicol's prism 
condition). Moreover, the absorption shafts 37 and 38 are arranged in the direction which sees 
from an observer and inclines in the direction of 45 degrees of slant. The fiber array direction 36 
of the plastic plate which constitutes substrates 31 and 32 is arranged so that it may become 
parallel to the absorption shafts 37 and 38, or so that it may intersect perpendicularly. Since a 
transparency shaft and the absorption shaft of a polarizing plate cross at right angles, the 
transparency shaft of a polarizing plate 34 and a polarizing plate 35 will also be arranged so that 
it may become parallel to the fiber array direction 36, or so that it may intersect perpendicularly. 

[0046] 

The liquid crystal layer 33 is a TN liquid crystal layer, and the direction 39 of rubbing of the 
orientation film (un-illustrating) is arranged so that it may become the absorption shaft of a 
polarizing plate and parallel which were prepared in the same side to the liquid crystal layer 33. 
That is, the direction of rubbing of the orientation film established in the substrate 31 is parallel 
to the absorption shaft 37, and the direction of rubbing of the orientation film established in the 
substrate 32 is parallel to the absorption shaft 38. This liquid crystal display 30 is constituted so 
that a normally white mode display may be performed. 
[0047] 

In a liquid crystal display 30, generating of the optical leakage resulting from the refractive-index 
anisotropy of the above-mentioned minute field can be controlled, and a high-definition display 
can be realized. That is, since either of the absorption shafts 37 and 38 is arranged to the optical 
leakage which originates in a retardation parallel to the array direction of fiber, and is generated 
so that an abbreviation rectangular cross may be carried out so that it may become the array 
direction of the fiber bundle constituting the cause of generating of the retardation, and 
abbreviation parallel or, it is for absorbing the light which becomes with the cause of optical 
leakage with polarizing plates 34 or 35, and not contributing to a display. Therefore, the display 
grace of a black display is improved and, as for a liquid crystal display 30, a contrast ratio 
(especially transverse-plane contrast ratio) is improved. 
[0048] 

Thermoplastics, such as heat-curing resin, such as common transparence resin, epoxy system 
resin, phenol resin, phenol-epoxy system resin mixed stock, and bismaleimide-triazine resin 
mixed stock, and a polycarbonate, polyether sulphone, polyether imide, can be used for the 
transparence resin of the compound substrate which constitutes substrates 31 and 32. 
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[0049] 

Moreover, as transparence fiber, the organic fiber by resin, such as inorganic fibers, such as E 
glass, D glass, and S glass, and aromatic polyamide, etc. can be used. As mentioned above, as for 
transparence fiber, using as a fiber bundle is desirable, and using as textile fabrics is still more 
desirable. 
[0050] 

In order to improve the mechanical strength of a compound substrate and to raise the 
homogeneity of a mechanical characteristic and an optical property further, it is desirable to 
arrange fiber equally in a field, the thinner one of the diameter of fiber and the path of a fiber 
bundle is desirable, and its one where the pitch of a fiber bundle is also narrower is good. As 
each diameter of fiber, about 20 micrometers or less are desirable, and, specifically, it is still 
more desirable that it is about 1 0 micrometers or less. Moreover, it is desirable that it is 200 
micrometers or less as width of face of a fiber bundle 11, and. as for the pitch of a fiber bundle, 
it is desirable that it is 500 micrometers or less. 
[0051] 

Moreover, although the weave of a fiber cloth has the most desirable plain weave as mentioned 
above, general weave, such as satin and twill, can also be used for it, and it can also use a 
nonwoven fabric. 
[0052] 

Since the higher one is desirable, in order that, as for the transparency of a compound substrate, 
it may control dispersion by the diffuse reflection and fiber in an interface of fiber and a resin 
matrix, as for the refractive index of fiber, and the refractive index of a resin matrix, it is 
desirable to choose so that it may be in agreement as much as possible. Generally, when the 
range of selection of the direction of the ingredient of a resin matrix reforms the above- 
mentioned resin in a resin frame widely by approaches, such as a substituent (for example,Hzing 
can be carried out [ a high refractive index ] if a fluorine atom is introduced and the reduction in 
a refractive index and a bromine atom will be introduced), it is more desirable than the ingredient 
of fiber to adjust a refractive index. 
[0053] 

A compound substrate is manufactured by various well-known approaches using the above- 
mentioned fiber (a fiber bundle or textile fabrics) and the ingredient of a resin matrix. When using 
thermosetting resin, it can manufacture by compression forming, the rolling fabricating method, a 
casting method, a transfer-molding method, etc., and when using thermoplastics, it can fabricate 
using the compressing method, an injection-molding method, an extrusion method, etc. 
[0054] 

A protective coat (rebound ace court layer) may be formed in the front face of a compound 
substrate. A protective coat may be formed with an organic material and may be formed with an 
inorganic material. Typically, it is formed using the inorganic material (for example, silicon-dioxide 
film) excellent in thermal resistance, barrier property (engine performance which covers 
moisture, oxygen gas. etc.), and a mechanical strength. In addition, since a plastic plate is used 
suitable for the application which penetrates the light, what naturally has light permeability also 
as a protective coat is used. Moreover, in order to control the reflection in the interface of a 
compound substrate and a protective coat, it is desirable to use the ingredient whose resin 
matrix and refractive index of a compound substrate correspond in general. 
[0055] 

for example, the compound substrate (0.17mm in for example, thickness) which formed the fiber 
bundle (piece about 200 micrometers) which has about 50 E glass fiber with a diameter of 10 
micrometers using the textile fabrics which carried out plain weave in about 500-micrometer 
pitch, using an epoxy resin as a resin matrix so that it might intersect perpendicularly mutually 
has a less than 1 nm retardation within a field, and the retardation of about 20nm thickness 
direction, and is suitably used as a plastic plate of a liquid crystal display 30. the retardation 
within these fields — the above-mentioned Jasco Corp. make — a spectrum — it is measured 
using an ellipsometer M-220. 
[0056] 
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It is 1000:1 or more, and the transverse-plane contrast ratio of the liquid crystal display 30 
produced using this plastic plate improves greatly compared with the transverse-plane contrast 
ratio 300:1 in the case of having arranged the absorption shaft of a polarizing plate in the 
direction of 45 degree to the array direction (a x axis and y-axis) of a fiber bundle. 
[0057] 

The phase contrast plate indicated by the patent No. 2866540 by the applicant for this patent in 
order to improve the viewing-angle dependency of the liquid crystal display 30 in TN mode (it is 
desirable to use an "inclination mold phase contrast plate" hereafter.) Below, arrangement of the 
optical axis (main shaft of an index ellipsoid) of the inclination mold phase contrast plate 42 is 
explained, referring to drawing 5 . In addition, the index ellipsoid in the following explanation, its 
main shaft, etc. are what [ approximation-/ a thing ] that is calculated from an actual 
measurement. 
[0058] 

First, Cartesian-coordinates x-y-z is defined as the inclination mold phase contrast plate 42. 
The z-axis is taken for a x-y side in the direction of a normal of the principal plane of the phase 
contrast plate 42 for the principal plane of the phase contrast plate 42. and parallel. It has the 
relation of na=nb>nc. when three main shafts of the phase contrast plate 42 which intersect 
perpendicularly mutually are made into an a-axis, a b-axis, and a c-axis and the refractive index 
(principal indices of refraction) in each main shaft is set to na, nb, and nc. That is, the phase 
contrast plate 42 has the negative optically uniaxial refractive-index anisotropy. Furthermore, an 
a-axis is in a field parallel to the principal plane of the phase contrast plate 42, and presupposes 
that it is parallel to a x axis here. With the common phase contrast plate, although the b-axis is 
parallel to the y-axis and the c-axis is parallel to the z-axis, as typically shown in drawing 5 , a 
b-axis inclines from the y-axis and the c-axis inclines from the z-axis in the phase contrast 
plate 42. All of the tilt angle of a b-axis and a c-axis are theta, and the inclination direction is a 
clockwise rotation focusing on an a-axis. In addition, a counterclockwise rotation is sufficient as 
the example which showed the inclination direction to drawing 5 focusing on reverse, i.e., an a- 
axis. 
[0059] 

The inclination mold phase contrast plate 42 is arranged in the TN liquid crystal display 30 shown 
in drawing 3 between a substrate 31 and a polarizing plate 34 and/or between a substrate 32 and 
a polarizing plate 35. At this time, as for the inclination mold phase contrast plate 42, a c-axis 
(principal indices of refraction nc of the direction of an anisotropy) is arranged so that the 
sloping direction 40 may turn into the direction 39 of rubbing and opposite direction of the 
orientation film of a substrate 31. 
[0060] 

Although the macroscopic retardation (nx-ny) within a substrate side (-d;d is the thickness of a 
substrate) is zero substantially, as for the plastic plates 31 and 32 which the liquid crystal 
display 30 of the operation gestalt by this invention has, it has the value which cannot disregard 
the macroscopic retardation (nx-nz) (-d;d is the thickness of a substrate) of the thickness, 
direction. For example, when a fiber restoration system compound substrate with a thickness of 
0.17mm is used, the retardation Rth of the thickness direction is set to about 20nm to the 
retardation Rp (macroscopic retardation) within a field being less than Inm. 
[0061] 

Therefore, when arranging the inclination mold phase contrast plate 42 to the liquid crystal 
display of this operation gestalt, in case the retardation of the inclination mold phase contrast 
plate 42 is set up, it is desirable to take into consideration the retardation of the thickness 
direction of a plastic plate. 
[0062] 

In addition, although the direction of rubbing of the orientation film of a pair is set up, 
respectively so that it may become the approaching absorption shaft of a polarizing plate and 
parallel since the liquid crystal layer 33 of the liquid crystal display 30 mentioned above is a TN 
liquid crystal layer, to one transparency shaft of the polarizing plate arranged at the cross Nicol's 
prism condition, at about 10 degrees, the direction of rubbing in the liquid crystal display in IPS 
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mode (typically anti-parallel) is grade-shifted, and is set up, for example. Also in this case, the 
thing with desirable arranging so that the transparency shaft of a polarizing plate may become 
the array direction of a fiber bundle and parallel, or so that it may intersect perpendicularly is the 
same as the case of the liquid crystal display 30 in above-mentioned TN mode. In addition, as for 
the two array directions of a fiber bundle, in the case of the liquid crystal display in IPS mode, it 
is desirable to be set up by the horizontal (width) and perpendicular (length) of the screen. 
[0063] 

Moreover, although the operation gestalt mentioned above showed the example which used the 
plastic plate for all of the substrate of the pair which illustrates a transparency mold liquid 
crystal display and counters mutually through a liquid crystal layer, it is not restricted to this but 
is good only also considering one substrate as a plastic plate. Moreover, in a reflective mold 
liquid crystal display, the above-mentioned plastic plate can be suitably used as a transparence 
* substrate arranged at an observer side. What is necessary is just to arrange one side of the 2 

fiber array directions which cross mutually [ a plastic plate ] at this time, so that it may become 
the absorption shaft of a polarizing plate and abbreviation parallel which are arranged at an 
observer side, or so that an abbreviation rectangular cross may be carried out. Moreover, in the 
case of a reflective mold liquid crystal display, although transparency is not required of the 
substrate of the side in which a reflecting layer is prepared, the above-mentioned plastic plate 
may be used. It is more advantageous to use the substrate which has the same mechanical 
characteristics (coefficient of linear expansion etc.) substantially as a substrate of a pair in 
respect of dependability etc. 
[0064] 

With the above-mentioned operation gestalt, although the liquid crystal display in TN mode was 
illustrated, the liquid crystal display in VA mode can be obtained by replacing with the liquid 
crystal layer 33 of the transparency mold liquid crystal display 30 shown in drawing 3 , and using 
the liquid crystal layer of a perpendicular orientation mold. The configuration of the liquid crystal 
display in VA mode may be the same as the configuration shown in drawing 3 except using a 
liquid crystal layer as a perpendicular orientation mold liquid crystal layer. Below, the 
configuration of the liquid crystal display in VA mode is explained, referring to drawing 3 R> 3. 
[0065] 

In the liquid crystal display 30 in VA mode, the absorption shaft 37 of a polarizing plate 34 and 
the absorption shaft 38 of a polarizing plate 35 are arranged so that it may intersect 
perpendicularly mutually (in cross Nicol's prism condition). Moreover, the absorption shafts 37 
and 38 are arranged in the direction which sees from an observer and inclines in the direction of 
45 degrees of slant. The fiber array direction 36 of the plastic plate which constitutes substrates 
31 and 32 is arranged so that it may become parallel to the absorption shafts 37 and 38, or so 
that it may intersect perpendicularly. 
[0066] 

The liquid crystal layer 33 contains a pneumatic liquid crystal ingredient negative in a dielectric 
constant anisotropy. The perpendicular orientation film is prepared in the front face by the side 
of the liquid crystal layer 33 of substrates 31 and 32, and orientation of the liquid crystal 
molecule is carried out to the abbreviation perpendicular in the substrate side of substrates 31 
and 32 at the time of no electrical-potential-difference impressing. If electric field are impressed 
to the liquid crystal layer 33, a liquid crystal molecule will fall in the direction which intersects 
perpendicularly with electric field. The falling include angle is decided according to field strength. 
Orientation control is carried out so that it may become 45 degrees to the absorption shafts 37 
and 38 of polarizing plates 34 and 35, and as for the liquid crystal display 30 in this VA mode, the 
direction (the direction of [ within a substrate side ]) where a liquid crystal molecule falls 
performs a normally black mode display. In order to improve an angle-of-visibility property, what 
is done for orientation control so that it may fall in the four directions in which 90 degrees of 
liquid crystal molecules differ at a time in each pixel (it may be called orientation division) is 
desirable. Thus, MVA mode etc. is known as VA mode by which orientation control was carried 
out. Thus, also when orientation division is carried out, orientation control is carried out so that 
the direction where a liquid crystal molecule falls in each division field (sub pixel) may become 45 
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degrees to the absorption shafts 37 and 38 of polarizing plates 34 and 35. 
[0067] 

Also in the liquid crystal display 30 in VA mode in which it has an above-mentioned 
configuration, the optical leakage resulting from the minute field refractive-index anisotropy of 
the field where only the fiber bundle arranged in the one direction exists can be controlled and 
prevented. That is, since either of the absorption shafts 37 and 38 is arranged to the optical 
leakage which originates in a retardation parallel to the array direction of fiber, and is generated 
so that an abbreviation rectangular cross may be carried out so that it may become the array 
direction of the fiber bundle constituting the cause of generating of the retardation, and 
abbreviation parallel or, it is for absorbing the light which becomes with the cause of optical 
leakage with polarizing plates 34 or 35, and not contributing to a display. Therefore, the display 
grace of a black display is improved and, as for a liquid crystal display 30, a contrast ratio 
(especially transverse-plane contrast ratio) is improved. For example, it is 1000:1 or more, and 
the transverse-plane contrast ratio of the liquid crystal display 30 in VA mode produced using 
the above-mentioned plastic plate improves greatly compared with the transverse-plane 
contrast ratio 450:1 in the case of having arranged the absorption shaft of a polarizing plate in 
the direction of 45 degree to the array direction 36 of a fiber bundle. 
[Availability on industry] 
[0068] 

According to this invention, the display grace of a liquid crystal display equipped with a fiber 
restoration system plastic plate is improvable. Therefore, the liquid crystal display of this 
invention is suitably used as a display of Personal Digital Assistant devices, such as a cellular 
phone and PDA. 

[Brief Description of the Drawings] 
[0069] 

[Drawing 1] (a) And (b) is drawing showing typically the configuration of the plastic plate used 
suitable for the liquid crystal display of the operation gestalt of this invention, (a) is a top view 
and (b) is a perspective view, (c) is drawing showing typically the textile fabrics of plain weave 
used for a plastic plate. 

[Drawing 2] (a) And (b) is a mimetic diagram for explaining the refractive-index anisotropy of a 
fiber restoration system compound substrate. 

[Drawing 3] It is drawing showing typically the configuration of the liquid crystal display 30 of the 
operation gestalt by this invention. 

[Drawing 4] It is drawing showing typically the arrangement relation of the optical axis in a liquid 
crystal display 30. 

[Drawing 5] It is drawing showing typically the refractive-index anisotropy of the inclination mold 
phase contrast plate used suitable for the liquid crystal display of the operation gestalt by this 
invention. 

[Description of Notations] 
[0070] 

1 0 Plastic Plate (Compound Substrate) 

1 1 Fiber Bundle 

1 1 A Textile fabrics (plain weave) 

12 Resin Matrix 

13 Field Where Fiber Bundle 11 is Arranged in One Direction 

14 Field Where Fiber Bundle Arranged in the Direction Which Intersects Perpendicularly Exists 

1 5 Field Where Fiber Bundle 1 1 Does Not Exist 

30 Transparency Mold Liquid Crystal Display 

31 32 Substrate containing a plastic plate 

33 Liquid Crystal Layer 

34 35 Polarizing plate 

36 The Array Direction of Fiber Bundle (it Intersects Perpendicularly Mutually) 

37 Absorption Shaft of Polarizing Plate 34 

38 Absorption Shaft of Polarizing Plate 35 
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39 The Direction of Rubbing 
[Translation done.] 
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